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(54) Integrated Inkjet print head and manufacturing process thereof 

(57) The Inkjet print head comprises an ink drop 
emission mini-gun (30) and a drop emission sensor (4) 
integrated in a chip of semiconductor material. The 

mini-gun is formed by an ink chamber (21 ) and a nozzle p- 
(23) in communication with the ink chamber and the 
drop emission sensor includes a resistive element (4) 
arranged in a position adjacent to the ink chamber (21). 
The resistance of the resistive element (4) depends on 
the pressure exerted thereon, so that when the mini -gun 
emits an ink drop, it is subjected to a recoil movement 
which causes a change of pressure and hence of resist- 
ance in the resistive element; this change in resistance 
may be detected through a suitable circuitry (29) to 
identify whether and when a drop of ink has been emit- 
ted. 
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Description 

The invention relates to an integrated inkjet print 
head and the manufacturing process thereof. 

As is known, inkjet print heads based on different 5 
technologies and with different print qualities and 
speeds, as well as costs, are currently available on the 
market. 

The most widespread technologies are based on 
thermal and piezoelectric methods. Thermal print heads io 
have one or more "mini-guns" comprising an ink cham- 
ber connected to an ink ejection nozzle and having a 
heater element located on the base of the ink chamber 
and formed by a resistor. A very small quantity of ink (of 
the order of picolitres), present in the ink chamber, is i5 
heated quickly by the heater element; boiling generates 
a bubble which, on collapsing, causes the ink to come 
out of the nozzle. The change of pressure which takes 
place inside the chamber draws from the reservoir, con- 
nected to the ink chamber by means of a suitable duct, 20 
another small quantity of ink which can again be heated 
and projected to the outside. With this method the fre- 
quency with which the drops can be expelled thus 
depends on the heating time and the re-charging speed. 

The piezoelectric method makes use of the prop- 25 
erty of a number of materials, such as quartz, to con- 
tract if subjected to electric field. This behaviour is 
exploited to generate a pressure on a capillary contain- 
ing ink. The pressurized liquid comes out of the nozzle 
located in the direction of the support to be printed. In 30 
this case the frequency with which the drops of ink can 
be generated by the nozzle depends on the physical 
characteristics of the vibrating component, and on the 
recharging time of the capillary. 

. For a rapid survey of the two methods discussed 35 
above, reference may be made, for example, to patent 
US-A-4,543,530 in the name of Xerox Corporation 
which also shows the structure of a thermal-type head, 
and the article "Inkjet: tecnologie a confronto" ("Inkjet: 
technologies compared") in PC MAGAZINE, April 95, 40 
pp. 200-210. Furthermore, another structure of a ther- 
mal-type head is shown in US-A-5, 103.246 in the name 
of Hewlett-Packard Company. 

In both methods the shape of the drop of ink ejected 
is of fundamental importance. In fact, the more spheri- 45 
cal the drop, the better the print quality To obtain this 
result it is necessary to act so that the ink is subjected 
to a change in pressure which is as violent and at the 
same time as short as possible. The method which ena- 
bles this shape to be obtained most satisfactorily and so 
most easily is the thermal method. To induce a rapid 
change in pressure the heater element is caused, by 
Joule effect, to generate heat such as to cause a tem- 
perature change in the ink of 100°C/^s. The nucleation 
of the bubble requires approx. 3 iis while its growth 55 
involves times of 3-10 ^is; collapse involves times of 10- 
20 ixs, while the re-charging of the ink requires approx. 
80 |is. 



tt is evident that the times, temperatures and pres- 
sures involved induce considerable stress in the heater 
elements, reducing their average lifetime. It is therefore 
desirable to devise arrangements capable of reducing 
the stress to which the heater element is subjected. In 
particular, it is conceivable to calibrate the minimum 
energy to be supplied to the heater element, by means 
of a sequence of "shots" or emissions of the drops. 

Furthermore, to avoid damage to the head and its 
components and to indicate the need to replace them, in 
these heads it is also important to check whether the 
emission nozzle is blocked or whether any part of the 
head, such as the heater element, is damaged. 

The object of the invention is therefore to improve 
an inkjet print head in order to eliminate the above-men- 
tioned disadvantages. 

The invention provides an integrated inkjet print 
head and the manufacturing process thereof, as defined 
in Claim 1 and Claim 12 respectively. 

In practice, the invention is based on the knowledge 
that at the moment of emission of a drop of ink, in a 
direction perpendicular to the silicon chip, by virtue of 
momentum conservation the latter is subjected to a 
recoil movement. Thus, by arranging a movement sen- 
sor in the proximity of the ink chamber or of each ink 
chamber of the head it is possible to detect the emission 
of the drops of ink In real time. In view of the fact that this 
movement causes a change in the pressure exerted on 
the mini-gun support structure, advantageously this 
movement may be noted by detecting differences in the 
pressure exerted on that structure; In particular. It is 
possible to arrange a resistive element on the wall of the 
ink chamber opposite the ink emission nozzle, the resis- 
tor having a resistance variable as a function of the 
pressure exerted on it. A suitable circuit connected to 
this resistive element and capable of detecting its 
changes of resistance thus enables one to identify 
whether and when a drop of Ink is emitted. The resistive 
element may be made of single-crystal silicon, inte- 
grated Into the substrate, or of multi-crystal silicon, on 
top of the wafer and beneath the heater element. 
Advantageously the sensor may be integrated together 
with the components of the circuitry for the control and 
detection of the emission of the drops of ink, using the 
usual known monolithic manufacturing methods. 

For an understanding of the invention two preferred 
embodiments thereof will now be described, purely by 
way of non-exhaustive example, with reference to the 
accompanying drawings in which: 

Rg. 1 shows a transverse section through a wafer 

of semiconductor material in a manufacturing step 

of a first embodiment of this head; 

Fig. 2 shows a transverse section along two parallel 

planes, taken along line 11-11 of Fig. 3. at the end of 

manufacture; 

Fig. 3 shows a top view of the head of Fig. 2, with 
parts removed: 
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Fig. 4 shows a top view of a variant of Fig. 3; 
Fig. 5 shows a transverse section through a wafer 
of semiconductor nr^aterial in a manufacturing step 
of a second embodiment of this head; 
Fig. 6 shows a transverse section similar to that of 
Fig. 5 in a successive manufacturing step; and 
Fig. 7 is a transverse section similar to that of Figs. 
5 and 6. at the end of manufacture. 

Fig. 1 shows a wafer 1 of single-crystal silicon com- 
prising a substrate 2 in which, during the step of forming 
the wells required for the components of the circuitry (of 
which a well 3 is shown in the illustration), at least one 
resistive element forming the sensor 4 is also implanted 
or diffused. If the head provides a plurality of mini-guns, 
the same number of sensors 4 will of course be formed. 
In the shown example the substrate 2 is P-type, the well 
3 and the resistive element 4 are N-type. ft is, however, 
possible to exchange the type of conductivity of the sub- 
strate and of the resistive element 4. In the shown case 
of N-type resistive element 4, it may have a resistivity of 
approx. 1-3 kQ/D and a depth between 6 and 8 ^m. 
Preferably the resistive element 4 is shaped like a coil, 
as discussed In detail below. 

The wafer 1 is then subjected to the usual, per se 
known process steps required to form the circuit, con- 
tact the resistive element 4 and form the ink chamber. In 
particular and with reference to Fig. 2, on the entire sur- 
face of the wafer 1 , apart from the active areas, a thick 
field oxide layer 8 is grown first of all; inter alia, the field 
oxide layer 8 extends above the zone 1a intended to 
accommodate the "mini-gun" and in particular above 
the resistive element 4 also, apart from openings 8' for 
producing the contacts of the resistive element 4. Then, 
in a manner which is known and not described, the inte- 
grated components of the circuitry are formed, of which 
is shown an NPN transistor 29, formed in the well 3 and 
having collector formed by the well 3 and by the 
enriched contact region 5, base formed by a P-type 
region 6, inside the well 3. and emitter formed by an N""- 
type region 7 inside the base region 6. 

Then, a dielectric layer 9 (such as BPSG, Boron 
Phosphorus Silicon Glass) is deposited on top of the 
field oxide (where present) or the surface of the wafer 1 . 
The dielectric layer 9 is opened and removed from the 
openings 8' of the field oxide layer 8 to produce the elec- 
trical connections to the components and the sensor 4; 
a first metallic connection layer, forming contacts 10. 11 
and 12 - emitter, base and collector respectively - for the 
transistor 29, contacts 13 for the sensor 4 (passing 
through both the dielectric layer 9 and the field oxide 
layer 8 and only one of which is visible in Fig. 2) and 
contacts 1 4 (only one of which is visible in Fig. 2) for the 
heater element is deposited arxi formed. Then (or even 
before the contacts 11-14 are formed) a metallic layer, 
preferably of tantalum/aluminium. Is deposited and 
shaped, to form the heater element 15 which is only par- 
tially visible in Fig. 2 and whose overall form is visible in 
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the view of Fig. 3. Alternatively the heater element 15 
may also be made of multi-crystal silicon. The heater 
element 15 is arranged above the sensor 4, as can be 
seen more clearly in Fig. 3. 

5 A dielectric material layer 16. such as the layer of 

dielectric normally used to separate the first from the 
second metal level (when preserrt) or the passivation 
layer is then deposited. The wafer 1 is then subjected to 
the cutting and separation steps: a polymeric layer 20 

10 (also called a barrier layer) is then deposited on each 
finished chip and is subjected to known forming steps 
(by means of laser piercing, sandblasting or chemical 
etching, see for example the patent US-A-5, 103,246 
quoted above), to form the ink chamber(s) 21 in a man- 

15 ner aligned with the heater elements 15. Finally, a top 
layer 22 (also called orifice txjard), also preferably of 
polymeric material, is formed, shaped so as to have ori- 
fices 23 forming the ink emission nozzles, thus provid- 
ing the final structure of the Inkjet head 30 shown in Fig. 

30 3. In this illustration 25 denotes the ink present in the Ink 
chamber 21. 

As noted, the sensor 4 detects the pressure gener- 
ated by the recoil movement caused by the emission of 
a drop of ink and modifies Its resistance value. In partic- 
25 ular the change in resistance aR associated with the 
pressure difference caused by the recoil movement fol- 
lowing the emission of a drop of ink is given by the fol- 
lowing formula: 

30 AR/R = 7c-r^ (1) 

where R is the resistance of the sensor 4 in the absence 
of stress, kj is the transverse piezo-resistivity coeffi- 
cient which depends on the material (and specifically 
35 whether it is P or N doped) and on the doping level of 
the resistive element and on the temperature; and Z is 
the stress induced by the emission of the drop. Given 
that the mass of the drop of ink is extremely small with 
respect to the overall size of the chip it is possible to 
40 approximate the stress x to the pressure P exerted by 
the emission of the drop of ink. The equation (1) may 
therefore be simplified as follows: 

AR/R=7CtP (2) 

45 

In the embodiment shown In Figs. 1 and 2 in which 
the sensor is made of single crystal silicon, in addition to 
the factors noted above the coefficient nj depends on 
the orientation of the resistive element with respect to 
50 the crystallographic axes of the lattice of the substrate 
2. In this connection reference may be made, for exam- 
ple, to "A Grafical Representation of the Piezoresist- 
ance Coefficients in Silicon" by Yozo Kanda in IEEE 
Transactions on Electron Devices. Vol. ED-29. No. 1 , 
55 Jan. 1982, pp. 64-69. In this case, therefore, to increase 
the sensitivity of the sensor 4 it is necessary to orient 
the resistive element on the basis of its doping. For 
example, if the silicon wafer has 001 > orientation and 
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the sensor is N-type, the resistive element must be ori- 
entated according to the 010>axis as shown in Fig. 3. 
Vice versa, if there is identical orientation of the sub- 
strate 1 and P-type sensor the resistive element must 
be orientated according to the 011 > axis as shown in 5 
Fig. 4. 

In the embodiment of Figs. 5-7 in which the parts 
common to Figs. 1 -4 are denoted by the same reference 
numerals, the inkjet head 40 comprises an emission 
sensor of multi-crystal silicon deposited on top of the 10 
wafer 1 . In detail, Fig. 5 shows a substrate 2 of P-type 
single-crystal semiconductor material in which an N- 
type well 3' is present: also present are the field oxide 
layer 8. to delimit the active areas, a gate oxide layer 33. 
covering the field oxide layer 8 and the free surface of is 
the wafer 1, and a multi-crystal silicon layer 34 superim- 
posed on the gate oxide layer 33. For example, the 
multi-crystal silicon layer 34 may have a thickness 
between approx. 0.3 and 0.4 jim and a resistivity of 1 .5- 
2 krVa. ^0 

Subsequently the layers 33 and 34 are formed, so 
as to create a gate region 35 of a MOS transistor 40. a 
gate oxide region 36 and the resistive element 37 form- 
ing the drop emission sensor. After the self-aligned 
implant of the drain and source regions 38 of well 3\ the 25 
intermediate structure shown in Fig. 6 is obtained in 
which the portion of gate oxide extending on top of the 
field oxide region 8 has been omitted. 

Next, the dielectric layer 9 is deposited in a manner 
similar to that described with reference to Figs. 1 and 2; 30 
it is opened to form the electrical connections; a first 
metal connection layer is deposited and defined, form- 
ing the contacts (not shown in Fig. 7) for the MOS tran- 
sistor, the contacts (not visible in the section of Fig. 7) 
for the sensor 4 (passing through the sole dielectric 35 
layer 9 here) and contacts 14 (both visible in Fig. 7) for 
the heater element. Then (or even before the contacts 
are formed), the heater element 15, of tantalum/alumin- 
ium, is formed on top of and electrically separated from 
the sensor 4. 

The dielectric material layer 16 is then deposited; 
the wafer 1 is subjected to cutting and separation steps; 
the polymeric layer 20 is deposited and drilled on each 
finished chip to form the ink chamber or chambers 21 in 
a manner aligned with the heater elements 15. Finally. 45 
the top layer 22 with the orifices 23 is formed, thus pro- 
viding the final structure of the inkjet head 40 shown in 
Fig. 7, in which the MOS transistor of the circuitry is not 
shown. 

In the embodiment with multi-crystal silicon sensor so 
the orientation of the resistive element 37 does not 
affect the sensitivity of the sensor, so that it may be 
formed in the most convenient manner. 

The advantages of the inkjet print head described 
are as follows. Primarily, the fact that the sensor sup- ss 
plies a signal in real time relating to the moment of emis- 
sion of the drop enables the printing process to be 
optimized, in particular the printing speed to be 



increased and the energy to be supplied to the heater 
element calibrated. This enables a reduction of the dis- 
sipated power, as well as of the stress to which the 
heater element is subjected, to be obtained and hence 
a longer life to be guaranteed. 

Furthermore, it is possible to check the functionality 
of the components (heater element, nozzle and duct) of 
the head and to generate corresponding fault signals 
should there be no pressure variation detected by the 
sensor, to allow the faulty elements to be replaced. Fur- 
thermore the signal generated by the sensor may be 
used in closed-loop control systems to control the oper- 
ation of the head without the need for external compo- 
nents. 

The sensor described may be formed together with 
the components of the circuitry 29, 40 using the com- 
mon monolithic manufacturing techniques, hence with 
low cost, high reliability and repeatability of the results. 
Finally, the sensor does not involve any increase in the 
dimensions of the head, given that it is located under- 
neath the ink chamber, thus providing an extremely 
compact and light structure. 

Finally it will be clear that numerous modifications 
and variants may be introduced to the print head 
described and illustrated herein, all of which come 
within the scope of the inventive concept, as defined in 
the accompanying claims. For example, in the case of a 
sensor made of multi-crystal silicon, instead of forming 
a single field oxide layer 8 on the entire zone la where 
the "mini-guns" are present, it is possible to provide a 
series of field oxide islands 8 each extending solely 
underneath a respective ink chamber 21; in this case 
the contacts of the sensor 4 pass through the sole die- 
lectric layer 9. 

Claims 

1. An inkjet print head, comprising an integrated 
device (30) emitting ink drops and formed by an ink 
chamber (21) and by a nozzle (23) in communica- 
tion with said ink chamber, characterized in that it 
comprises a drop emission sensor (4; 37) arranged 
in a position adjacent to said ink chamber (21). 

2. A head according to Claim 1 , characterized in that 
said drop emission sensor (4; 37) is a sensor of a 
recoil movement of said integrated device (30) 
caused by emission of an ink drop. 

3. A head according to Claim 2, characterized in that 
said drop emission sensor (4; 37) is a pressure sen- 
sor arranged on a wall of said ink chamber (21), 
opposite said nozzle (23). 

4. A head according to Claim 3, characterized in that 
said drop emission sensor (4; 37) is formed by an 
integrated resistive element. 
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5. A head according to Claim 4, characterized in that 
said integrated resistive elemerrt (4) is made of sin- 
gle-crystal silicon. 

6. A head according to Claim 5, characterized in that it 5 
comprises a semiconductor material body (2) of 
single-crystal type of a first conductivity type and a 
stack of layers arranged on top of said semiconduc- 
tor material body said stack comprising, recipro- 
cally superimposed: 

at least one first dielectric layer (8. 9) an-anged 
on top of said semiconductor material body (2); 
a heater element (15) of electrically conductive 
material; '5 
a second dielectric layer (16); 
a barrier layer (20) accommodating said ink 
chamber (21) in a position above said heater 
element (15); and 

a closure layer (22) defining said nozzle (23), 20 
said integrated resistive element (4) being 
formed in said semiconductor material body (2) 
underneath said stack of layers, aligned with 
said ink chamber (21) and having a second 
conductivity type. 25 

7. A head according to Claim 6. characterized in that it 
comprises contact structures (13) extending 
through said at least one first dielectric layer (8, 9) 

as far as said integrated resistive element (4). 30 

8. A head according to Claim 6 or 7, characterized in 
that said semiconductor material body (2) has a 
predetermined crystallographic orientation and said 
integrated resistive element (4) is coil-shaped and 35 
has a predetermined coil orientation correlated to 
said crystallographic aientation. 

9. A head according to one of Claims 1 -4, character- 
ized in that said integrated resistive element (37) is 40 
made of multi-crystal silicon. 

10. A head according to Claim 9. characterized in that it 
comprises a semiconductor material body (2) and a 
stack of layers arranged on top of said semiconduc- 45 
tor material body, said stack comprising, recipro- 
cally superimposed: 

a first dielectric layer (8) on top of said semi- 
conductor material body (2); 50 
a second dielectric layer (9): 
a heater element (15) of conductive material; 
a third dielectric layer (16); 
a barrier layer (20) accommodating said ink 
chamber (21 ) in position above said heater ele- 55 
ment; and 

a closure layer (22) defining said nozzle (23). 
said integrated resistive element (37) being 
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arranged between said first (8) and second (9) 
dielectric layer, aligned with said ink chamber 
(21). 

11 . A head according to one of Claims 1 -10, character- 
ized in that it comprises integrated electronic com- 
ponents (29; 40) arranged in a position adjacent to 
said integrated device (30). 

12. A process for manufacturing an inkjet print head, 
comprising said steps of forming an ink chamber 
(21) and a nozzle (23) in communication with said 
Ink chamber, characterized by the step of forming a 
drop emission sensor (4; 37) in a position adjacent 
to said ink chamber. 

13. A process according to Claim 12, characterized in 
that said step of forming a drop emission sensor (4; 
37) comprises the step of forming a resistive ele- 
ment on a wall of said ink chamber (21) opposite 
said nozzle (23). 

14. A process according to Claim 13, characterized in 
that said step of forming a resistive element (4) 
comprises the step of integrating said resistive ele- 
ment in a semiconductor material body (2) of sin- 
gle-crystal type. 

15. A process according to Claim 14. in which said 
semiconductor material body (2) has a first conduc- 
tivity type, characterized by the steps of: 

introducing ionic dopants causing a second 
conductivity type in said semiconductor mate- 
rial body (2) so as to form said resistive ele- 
ment (4); 

forming at least one insulating layer (8. 9) on 
top of said semiconductor material body; 
forming a heater element (15) of conductive 
material on top of said first dielectric layer and 
aligned with said resistive element (4); 
forming a second dielectric layer (1 6) on top of 
said heater element and said first dielectric 
layer; 

forming a barrier layer (20) on top of said sec- 
ond dielectric layer and accommodating said 
ink chamber (21) in a position above said 
heater element (15); and 
forming a closure layer (22) defining said noz- 
zle (23) on top of said barrier layer. 

16. A process according to Claim 15, characterized in 
that said step of introducing is carried out at said 
same time as a step of forming at least one active 
region (3) of said second conductivity type for the 
formation of an integrated electronic component. 

17. A process according to one of Claims 14-16, char- 
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acterized in that said semiconductor material body 
(2) has a predetermined crystallographic orienta- 
tion and said resistive element (4) is coil-shaped 
and has a predetermined coil orientation correlated 
to said crystallographic orientation. 5 

18. A process according to Claim 13, characterized in 
that said step of forming a resistive element com- 
prises the step of forming a resistor of multi -crystal 
semiconductor material (37) on top of a semicon- 10 
ductor material body (2) of single-crystal type. 

19. A process according to Claim 18, characterized in 
that before said step of forming a resistive element 
(37). the following steps are carried out: ?5 

forming electrically conductive regions (3') 
embedded in said semiconductor material 
body (2); and 

forming a first dielectric layer (8) on top of said 20 
semiconductor material body; and in that, after 
said step of forming a resistive element (37), 
the following steps are carried out: 
forming a second dielectric layer (9) superim- 
posed on said resistive element (37) and first 25 
dielectric layer (8); 

forming a heater element (15) of conductive 
material on top of said second dielectric layer 
and aligned with said resistive element (37); 
forming a third dielectric layer (16) on top of 30 
said heater element and said second dielectric 
layer; 

forming a barrier layer (20) on top of said third 
dielectric layer and accommodating said ink 
chamber (21) in a position above said heater 35 
element (15); and 

forming a closure layer (22) defining said noz- 
zle (23) on top of said barrier layer. 

20. A process according to Claim 19, characterized in 40 
that said step of forming a resistive element (37) 
comprises the steps of depositing a layer of multi- 
crystal semiconductor material (34) and shaping 
said layer of multi-crystal semiconductor material to 
form at the same time said resistive element (37) 45 
and at least one gate region (35) of a field-effect 
MOS transistor (40). 
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